Characterization and bioremediation potential of marine Psychrobacter species  by Abd-Elnaby, Hanan M. et al.
Egyptian Journal of Aquatic Research (2016) 42, 193–203HO ST E D  BY
National Institute of Oceanography and Fisheries
Egyptian Journal of Aquatic Research
http://ees.elsevier.com/ejar
www.sciencedirect.comFULL LENGTH ARTICLECharacterization and bioremediation potential
of marine Psychrobacter species* Corresponding author at: National Institute of Oceanography
and Fisheries (NIOF), Microbiology Lab, El-Anfushy, Kayet Bay,
Alexandria, Egypt. Tel.: +20 1005898211; fax: +20 3 4801553.
E-mail address: hananabdelnaby1@gmail.com (H.M. Abd-Elnaby).
Peer review under responsibility of National Institute of Oceanography
and Fisheries.
http://dx.doi.org/10.1016/j.ejar.2016.04.003
1687-4285  2016 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Hanan M. Abd-Elnaby a,*, Gehan M. Abou-Elela a, Hanan A. Ghozlan b,
Halla Hussein a, Soraya A. Sabry baNational Institute of Oceanography and Fisheries, Microbiology Laboratory, Environmental Division, El-Anfushy,
KayetBay, Alexandria, Egypt
bAlexandria University, Faculty of Science, Botany & Microbiology Department, 21511 Alexandria, EgyptReceived 18 January 2016; revised 15 March 2016; accepted 3 April 2016
Available online 20 May 2016KEYWORDS
Psychrobacter;
Heavy metal;
Bioaccumulation;
Plackett–Burman;
DyesAbstract Three marine Psychrobacter strains were isolated from seawater and sediments in
Mediterranean Sea, Egypt, using culture-dependent techniques. Genotypic characterization for
the three strains was performed using 16S rDNA sequence analysis. The Psychrobacter strains were
screened for some physiological, biochemical characters, resistance to some antibiotics and heavy
metals. All tested Psychrobacter strains were able to resist and accumulate several metals (Pb2+,
Cu2+ and Cd2+) with variable degrees, depending on bacterial strains and metal ion species. Lead
ions were easier to be bioaccumulated than the other two metals. Psychrobacter sp. H41A was the
most potent strain in accumulation of the different metals. Psychrobacter sp. H41A accumulated
91.47 mg Pb2+/g fresh cells at optimum conditions of 60 min contact time, at 600 ppm and
30 C. Plackett–Burman experimental design was applied to optimize the nutritional factors. The
growth of Psychrobacter sp. H41A strain in the optimized culture medium increased the lead bioac-
cumulation 1.12-fold. The Psychrobacter strains were monitored for their ability to decolorize three
different azo-dyes (fast orange, methanil yellow and acid fast red). Psychrobacter sp. H62 and H65
recorded the highest decolorization percentages (85% and 65%) with fast orange and methanil
yellow, respectively.
 2016 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Mesophiles contribute essentially to nutrient turnover pro-
cesses, litter decomposition and biomass production in cold
habitats. There is proof of a high range of metabolic activities
in cold ecosystems. (Trotsenko and Khmelenina, 2005). At low
temperatures, the metabolic ﬂuxes are similar to those
displayed by cold-adapted bacteria at moderate temperatures
(Margesin et al., 2003).
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bacteria outside extremely cold habitats (Martiny et al.,
2006). For example, the study of the transcriptome of the
cold-adapted genus Psychrobacter exhibited adaptations to
signiﬁcant variations in temperature (Bergholz et al., 2009).
The presence of Psychrobacter was signiﬁcantly accompanied
with temperature and variable environmental factors such as
high salinity, pH near neutrality and high concentrations of
magnesium and potassium (Rodrigues et al., 2009).
The extent of cold habitats is decreasing due to global
warming thus affecting the evolution of mesophilic bacteria.
The extreme biotechnological importance of cold-adapted bac-
teria along with their essential role in biogeochemical cycles
(Feller and Gerday, 2003) emphasizes the importance of
understanding to what extent these bacteria can adapt to
ecosystems warming. The research of cold-adapted bacteria
in temperate ecosystems will add to the knowledge about this
topic (Azevedo et al., 2013).
The occurrence of Psychrobacter may also be inﬂuenced by
anthropogenic-related factors such as, the enriched presence
of Psychrobacter in contaminated aquatic ecosystems
(Prabagaran et al., 2007; Lo Giudice et al., 2010).
Due to the high potential of the marine bacteria in bioreme-
diation, great attention has been drawn to these marine
microorganisms for ecosystem restoration of hazardous com-
pounds thus leading to reducing their toxic levels (Dash and
Das, 2012). The biotransformation or bioremediation methods
have been employed to tap the naturally occurring metabolic
ability of marine bacteria to accumulate, transformer degrade
hazardous compounds including heterocyclic compounds,
hydrocarbons, toxic metals and pharmaceutical substances
(Karigar and Rao, 2011).
The biotechnological applications of psychrotolerant and
psychrophilic bacteria have been studied by Huston (2007).
Psychrotolerant bacteria are great value for bioremediation
of contaminated ecosystems in Antarctica. Psychrotolerant
bacteria have the ability to maintain activity under the extreme
conditions of the polar ecosystems (Bej et al., 2000; Philip
et al., 2005; Paniker et al., 2006).
The release of heavy metals into the marine ecosystems
causes many environmental pollution problems because of
their unique characteristics (Banat et al., 2005). Heavy metals
may reach water sources by direct discharge of industrial, agri-
cultural and municipal wastewater or naturally through a dif-
ferent of geochemical processes (Semerjian, 2010; Srinivasa-
Rao et al., 2010), which causes the discharge of a variety of
toxic metals such as Cu2+, Ni2+, Zn2+Co2+, Cd2+ and
Pb2+ into the environment (Malik, 2004). Many chemical
and physical methods have been proposed to remove such
toxic metals from the contaminated ecosystems, but they are
effectiveness because of cost, limitations, and generation of
harmful substances (Wuana and Okieimen, 2011). Marine bac-
teria solve these problems as they are highly efﬁcient even at
low concentrations of metal and they do not produce any
byproducts (De et al., 2008). Several mechanisms are devel-
oped by the bacteria to tolerate few high heavy metal concen-
trations. One of these mechanisms is heavy metals
bioaccumulation which is dependent upon catabolic and ana-
bolic energy of bacteria (Banerjee et al., 2015).
Unlike conventional optimization (one-variable-at-a-time
approach), optimization by statistical methods present a more
balanced alternative method, since it takes into account theinteraction of variables in generating the process response.
(Hao et al., 2006). Statistical experimental designs can be
adopted on several steps of an optimization strategy, such as
searching for the optimal conditions of a targeted response
or for screening experiments (Yue et al., 2012). The application
of statistical designs to bioprocessing include the Plackett–
Burman design, which is considered one of the most popular
choices (Kiran et al., 2010).
Little was known about Psychrobacter species in Mediter-
ranean Sea, Egypt. The present study aimed to investigate
the characterization, heavy metal accumulation and azo dye
decolorization by Psychrobacter species isolated from Mediter-
ranean Sea, Egypt.Materials and methods
Bacterial isolation
One hundred marine bacterial isolates capable of growing at
room temperature were selected and puriﬁed. They were
screened for growth at different temperatures. Twenty-three
isolates that showed good growth at 5 C were chosen for
studying. The isolated bacteria were subjected to phylogenetic
analysis.
Bacterial strains
The psychrotolerant bacterial strains used in the present study
were isolated from Mediterranean Sea, Egypt, using culture-
dependent techniques. Psychrobacter sp. H41 was isolated
from sediments of Alexandria Eastern Harbor, Psychrobacter
sp. H65 from seawater of Abu Qir and Psychrobacter sp.
H62 from seawater of Rashid.
Medium
Nutrient agar (Oxoid LTD, England) and tryptone yeast
extract were used for isolation and growth of psychrotolerant
bacteria. Media were prepared with aged seawater and distilled
water (1:1, v/v). Tryptone yeast extract contained in g/l: Tryp-
tone, 5.0; yeast extract, 2.5; glucose, 1.0; dipotassium hydrogen
orthophosphate, 0.2 and magnesium sulfate, 0.05. For solid
medium 15 g/l agar was added (Lyudmila et al., 2002).
Bacterial identification
The bacterial isolates were cultured in tryptone yeast extract
medium overnight and the genomic DNAs were extracted with
the genomic DNA extraction protocol of GeneJET genomic
DNA Puriﬁcation Kit (Fermentas). The polymerase chain
reaction (PCR), using Maxima Hot Start PCR Master Mix
(Fermentas), was carried out in a thermal cycler (Multigene
Optimax, Labnet International, Inc.). The PCR thermocycler
was programed as follows: 95 C for 5 min for initial denatura-
tion, 30 cycles at 95 C for 1 min, 55 C for 1 min, 72 C for
2 min and a ﬁnal extension at 72 C for 10 min. The PCR mix-
ture contained 25 pmol of each primer (Sigma Scientiﬁc Ser-
vices Company, Egypt, 2013), 10 ng chromosomal DNA,
200 mmol l1 dNTPs and 2.5 U of Taq polymerase in 50 ml
of Taq polymerase buffer (10X standard Taq reaction buffer).
Table 1 Independent variables affecting bioaccumulation of
heavy metals.
Factor Symbol Level (g/l)
1 0 +1
Tryptone TRY 3.0 5.0 7.0
Glucose GLU 0.5 1.0 1.5
K2HPO4 K2 1.0 2.0 3.0
Yeast extract YE 1.5 2.5 3.5
MgSO4 Mg 0.025 0.05 0.075
S.W. (ml) SW 250 500 750
Inoculum size (ml*) IS 0.5 1.0 1.5
* 1 ml = 105 CFU.
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GeneJETTM PCR Puriﬁcation Kit (Fermentas) at Sigma Sci-
entiﬁc Services Company, Egypt. The sequencing of the PCR
product was made by the GATC Company using ABI 3730xl
DNA sequencer with universal primers (16S 27F and 16S
1492R), (50-AGAGTTTGATCCTGGCTCAG-30 and 50-GGT
TACCTTGTTACGACTT-30). Genotypic characterization
was performed using 16S sequence analysis. Multiple align-
ments with sequences of the most closely related members
and calculations of levels of sequence similarity were carried
out using BioEdit (software version 7) (Hall, 1999). Sequences
of rRNA genes, for comparison, were obtained from the
National Center for Biotechnology Information database.
Phenotypic characterization
The characters of the Psychrobacter strains were studied fol-
lowing the standard microbiological methods as reported in
Bergey’s Manual of Systematic Microbiology (Holt et al.,
2005). Gram reaction, colony morphology, vegetative cell
and spore characteristics were tested.
Production of antimicrobial agents
The well diffusion technique was used to test the ability of the
Psychrobacter strains to inhibit the growth of indicator patho-
genic bacteria and fungi, 50 ll of the tested cell free super-
natant was add in each well. After incubation overnight at
30 C, the radius of clear zone around each well was measured
in mm (El-Masry et al., 2002). All experiments were done in
duplicates and the average was calculated.
The indicator pathogenic bacteria used were Salmonella
typhimurium ATCC14028, Escherichia coli ATCC 19404, Vib-
rio fluvialis and Vibrio damsela. Pathogenic fungi were Asper-
gillus flavus A1457, Aspergillus terreus, Aspergillus niger
A326, Macrophanina phaseolus A62746 and Candida albicans
ATCC 10231. These pathogens were kindly provided by the
staff members of The National Institute of Oceanography
and Fisheries (NIOF), Egypt.
Growth measurement
Growth of the Psychrobacter strains were monitored by mea-
suring the optical density (OD) of cultures using Spectropho-
tometer, Model (SP-300) Optima, at wavelength 550 nm
using the medium as blank.
Bioaccumulation of heavy metal
Preparation of heavy metal solutions
Stock solutions of chloride salts of zinc, nickel, cadmium and
lead in addition to copper sulfate were individually added in
equivalent weights to di-ionized water to ﬁnal concentration
of 50–400 ppm for Zn2+, Ni2+, Cd 2+, and Cu2+ and 10–
2000 ppm for Pb2+. Solutions were sterilized by ﬁltration
through 0.22 lm Millipore bacterial membrane ﬁlters
(Forbes et al., 1998).
Determination of the minimal inhibitory concentrations (MICs)
Agar plates supplemented with different concentrations of
each metal cations were prepared and dried at 37 C for30 min. Plates were then spot-inoculated with the tested organ-
isms and incubated at 30 C for 2 days (Mergeay et al., 1985).
Plates containing media without metals were used as controls.
The MICs are measured as the lowest concentration of the
metal ion preventing bacterial growth (Sabry et al., 1997).
Metal bioaccumulation assay
For metal bioaccumulation studies, aliquots (0.05 g) of fresh
bacterial biomass were placed in 100 ml screw-caped tubes
containing 50 ml of metals solutions with a known initial con-
centration. Bacterial cells were then kept in contact with the
metal solution in a shaker incubator at 120 rpm at 30 C for
1 h. For the estimation of the residual metal ions, the metal
biomass suspensions were centrifuged at 7000 rpm for 20 min
and the supernatants were (in most cases) diluted by deionized
water to a ﬁnal concentration of 1/10, then submitted to instru-
mental analysis using an Atomic Absorption Spectrophotome-
ter (Shimadzu -AA-6800).
Bioaccumulation of metals ions (q) is calculated according
to the following equation:
Metal bioaccumulation ðqÞ ¼ VðIC FCÞ=w
where V, volume of reaction (l); IC, initial metal concentration
(mg/l); FC, ﬁnal metal concentration (mg/l); and W, total bio-
mass (g), (Abd-Elnaby et al., 2011).
Optimization
Plackett–Burman Design (Plackett and Burman, 1946) was
performed to evaluate the relative importance of various med-
ium components to approach a near optimal medium compo-
sition to improve biomass for maximal bioaccumulation of
metal cations in the liquid culture, under metal stressed condi-
tions. Seven different factors (Table 1) were examined, each in
4 trails at a low level (1) and in 4 trials at a high level (+1).
Nine different trials which include basal control were carried
out in duplicates. The main effect of each factor was calculated
as the difference between the average of measurements made at
the high setting (+1) and the average measurements observed
at the low setting (1) of that factor. For each factor, the main
effect and the statistical t-values for unequal variance samples
were calculated (Cochran and Snedecor, 1989) to determine
the most signiﬁcant factor. Then an optimized medium was
predicted from the main effect results.
Verification experiment
An experiment for veriﬁcation was performed in duplicates,
the predicted optimum levels of the independent factors were
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ages of metal cations bioaccumulation were calculated.
Decolorization of dyes
Stock solutions of dye were prepared in water and sterilized at
121 C for 15 min, 1 ml of dye solution contains 1.5 mg dye/l.
The strains were monitored for their capacity to decolorize
3 different azo-dyes (fast orange, methanil yellow and acid fast
red). The experiment was conducted according to El-Ahwany
(2008). Each bacterium was grown in 250 ml Erlenmeyer ﬂask
containing 50 ml of tryptone yeast extract medium. The ﬂask
was inoculated from a pre-culture of the same organism and
incubated at 30 C shacked till late stationary phase (OD550
1.0). Cell biomass (0.3 mg) was transferred to a test tube con-
taining 1 ml of dye solution (15  104g dye/l). Tubes contain-
ing dye solutions and biomass were shacked for 24 h, followed
by centrifugation to remove cells.
The residual dye concentration was measured in the clear
supernatants. The spectral proﬁles as well as absorbance values
of individual dyes at their kmax were monitored using spec-
trophotometer. Control experiments were carried under simi-
lar conditions without biomass addition. All experiments
were carried out in duplicates and the results are the mean
value. Decolorization percentage was calculated as follows:
Decolorization% ¼ ðCoCeÞ
Co
 100
where Co= Initial absorbance reading before decoloriza-
tion and Ce= ﬁnal absorbance reading after decolorization.
The concentrations of the residual dyes in the supernatants
were determined using a standard curve. All results are the
mean of replicates.Results and discussion
Phylogenetic analysis
As usual biochemical and other phenotypic criteria as well as
DNA relatedness are very important factors used for classiﬁca-
tion of microbes specially bacteria. Sequencing of 16 s rRNA is
considered an important toll for grouping based on DNA
relatedness. In this study to achieve this, the homology or
similarity between selected isolates was done using BLAST
search http://blast.ncbi.nlm.nih.gov/Blast.cg based on partial
sequences of 16sr RNA gene. The high homology% (up to
97%) was obtained, compared through multi-alignment then
the tree was constructed to deduce the phylogenetic
relationship.
The psychrotolerant bacterial strains were subjected to
identiﬁcation by molecular tools. DNA sequencing of 16S
rDNA of each strain was deposited in Genbank. Accession
number, sequence homology and similarity percent to closest
strains are given in Table 2. A phylogenetic tree based on
16S rDNA sequences of psychrotolerant bacteria was con-
structed (Fig. 1).
Numerous Psychrobacter species have been isolated from
marine ecosystems and innovations in the systematic study
have led to a signiﬁcant increase in the number of isolates iden-
tiﬁed as Psychrobacter (Bozal et al., 2003; Yoon et al., 2003;
Yumoto et al., 2003). Also, Ibrahim et al. (2014) isolated Psy-
chrobacter maritimus HW2 (accession number NR 027225.1)
from seawater of Alexandria Eastern Harbor, Egypt.Phenotypic characterization
The Psychrobacter strains were screened for tolerance to a
range of temperatures, salinities and pH, in addition to some
physiological and biochemical characterization and produc-
tion of degrading enzymes. As shown in Table 3, the three
strains differed in some phenotypic characters.
The variability in antibiotic resistance proﬁles could indi-
cate important strain-level. The antibiotic’s different patterns
susceptibility would suggest strain-level differences in acces-
sory or antibiotic-resistance genes either encoded on plasmids,
within the genome, or transposons in the bacterial strains
(Galkiewicz et al., 2011). In the present study all Psychrobacter
strains were resistant to cefoperazone, 75 lg. They were sensi-
tive to amikacin 30 lg, ceftazidine 30 lg, ampicillin10 lg, and
doxycycline 30 lg. Two strains Psychrobacter sp. H65, Psy-
chrobacter sp. H62 were sensitive to ampicillin 20 lg, rifampi-
cin 5 lg, Imipenem, 10 lg, ceftriaxone 30 lg, and
sulfamethoxazole, 25 lg. No sensitivity to the other antibiotics
was detected. Jeong et al. (2013) concluded that Psychrobacter
strains were sensitive to the antibiotics: ampicillin, carbeni-
cillin, chloramphenicol, gentamycin, hygromycin B, neomycin,
penicillin G, streptomycin and tetracycline. Moreover, Dziewit
et al. (2013) mentioned that, none of the Psychrobacter strains
were resistant to chloramphenicol, ampicillin, tetracycline and
kanamycin.Growth of Psychrobacter strains at different temperatures
The three Psychrobacter strains showed different patterns of
growth (Fig. 2). Strains H65 and H41 exhibited a lag phase
in cultures incubated at 5 and 10 C which extended for 4 days
before entering the exponential phase. This lag phase was not
observed in cultures incubated at 20 or 30 C. On the contrary,
no lag phase was detected for strain H62 at all temperatures
tested. It is worth mentioning that growth in cultures incu-
bated at 5 and 10 C for 10 days reached the same values of
those incubated at 20 and 30 C for 6 days. At these
temperatures growth rate was higher compared to that at 5
and 10 C.
Psychrotolerant bacteria grow well at temperatures near the
freezing point of water, but the rate of growth increases at tem-
perature above 20 C (Madiga and Martinkb, 2005; Margesin
et al., 2007). Bakermans et al. (2006) reported that facultative
psychrotolerant or cold adapted bacteria such as Psychrobac-
ter cryohalolentis can grow in temperature ranges from 10
to 30 C. Also, the optimal temperature for growth of Psy-
chrobacter urativorans sp. nov. (ACAM 534) was from 18 to
20 C and the highest temperature for growth ranged from
25 to 27 C, (Bowman et al., 1996). Azevedo et al. (2013) iso-
lated Psychrobacter species from a temperate estuary and
found that all isolates were able to grow at 4 and 28 C. More-
over, 80.4% of them were able to grow at 37 C.Production of antimicrobial agents
The productivity of antimicrobial agents by the Psychrobacter
strains is limited with respect to the tested pathogenic indica-
tors. Psychrobacter sp. H41A produced antimicrobial agents
only against C. albicans ATCC 10231 with inhibition zone
Table 2 Psychrotolerant strains, accession numbers and similarity percentage to nearest neighbors.
Identiﬁcation Homologous strain Similarity
(%)
Accession
number
Phylum
Psychrobacter sp.
H41A
Psychrobacter cibarius isolate 1U, 16S ribosomal RNA gene
partial sequence
99 KF207755 Gamma
Proteobacteria
Psychrobacter sp.
H62
Psychrobacter sp. ECDN 3 II, 16S rRNA gene partial sequence 98 KF207758 Gamma
Proteobacteria
Psychrobacter sp.
H65
Psychrobacter glacincola strain X-16, 16S rRNA partial sequence 99 KF207759 Gamma
Proteobacteria
0.1
KF207755 isolate H41A 
LK391538 Psychrobacter cibarius isolate 1U
NR043057 Psychrobacter cibarius strain JG-219 
KC462981 Psychrobacter cibarius strain Syddv3 
KC462991 Psychrobacter cibarius strain Sydsp3
KF207759 isolate H65   
JX122615 Psychrobacter glacincola strain X16
FJ161364 Psychrobacter celer strain D7083 
JX897840 Psychrobacter sp. ENNP3II 
JX897838 Psychrobacter sp. ESDP9I
KR012256 Psychrobacter sp. JXH-264 
JX897864 Psychrobacter sp. ECDN3 II 
KF207758 isolate H62
JX122588 Psychrobacter frigidicola strain X38 
JX122560 Psychrobacter faecalis strain E7 
KJ011874 Psychrobacter alimentarius strain S-11 
JX122558 Psychrobacter allis strain E2 
KJ735914 Psychrobacter alimentarius strain N-154 
KJ011880 Psychrobacter alimentarius strain S-121 
Figure 1 Neighbor-joining phylogenetic tree derived from 16S rDNA gene sequence of marine Psychrobacter strains.
Potential of marine Psychrobacter species 19742 mm (Fig. 3), while, Psychrobacter sp. H62 and H65 didn’t
exhibit any antimicrobial activity against the tested pathogenic
bacteria or fungi. In a previous study, bile acid derivatives
from marine Psychrobacter sp. was reported as example of
antimicrobial steroids from marine origin (Li et al.,, 2009).Heavy metal accumulation by Psychrobacter strains
Minimum inhibitory concentration (MIC)
The MIC values of each metal against Psychrobacter strains
showed that, the highest tolerance was observed with lead ions
Table 3 Differential phenotypic characteristics between Psychrobacter strains.
Characteristic features Psychrobacter sp. H65 Psychrobacter sp. H62 Psychrobacter sp. H41A
Cream + + 
Orange   +
Coccobacilli + + +
Catalase production + + +
Oxidase production + + +
Nitrate reduction +  
Urease production  + 
H2S production   
5–30 C + + +
35 C  + +
5–9 + + +
4–7 + + +
9–13  + +
Degradation of
Starch
5–20 C +  
Gelatin 5–20 C
Chitin
5–20 C
Tween 20

+
+
+
+
+
5–20 C   
Tween 80
5–10 C   +
20 C +  +
Skim milk
5–20 C +  
Amikacin, 30 + + +
Ceftazidime, 30 + + +
Cefoperazone, 75   
Ampicillin, 20 + + 
Ampicillin, 10 + + +
Imipenem, 10   
Rifampicin, 5 + + 
Doxycycline, 30 + + +
Ceftriaxone, 30 + + 
Sulfamethoxazole, 25 + + 
198 H.M. Abd-Elnaby et al.as all strains grew in the presence of 800 ppm, whereas the
resistance to cadmium ranged from 250 to 400 ppm. For zinc
the MICs ranged from 50 to 300 ppm, while for nickel they
varied from 300 to 400 ppm. Also, Psychrobacter strains were
resistance to cupper (150 to 300 ppm). The tested Psychrobac-
ter stains are found suitable for the multiple metal resistance
(Fig. 4).
Strain Psychrobacter sp. ORHg1 (isolated from sediments
of the Orbetello Lagoon, Italy) exhibited resistance to HgCl2
at a concentration of 0.1 mM. Level of resistance of the Psy-
chrobacter strain by MIC value was substantially similar to
values in the literature for heterotrophic aerobic bacteria
(Pepi et al., 2013). Many studies have predicted that antibiotic
and metal resistance is becoming a global phenomenon. The
multiple antibiotic and metal resistance in psychrotrophic bac-
teria isolated from Antarctic marine ecosystem was observed
(De Souza et al., 2006).
Metal bioaccumulation
Data in Fig. 5 depict that all Psychrobacter strains were able to
accumulate tested metal ions with a variable degree, depending
on bacterial strains and metal ion species. In general, lead was
the most readily accumulated metal compared to other metalions. It is worth to mention that Psychrobacter sp. H41A sup-
ported the highest accumulated values (2.72 mg Pb2+/g fresh
cells), where as cupper was the least accumulated metal ions
with value 0.512 mg Cd2+/g fresh cells of Psychrobacter sp.
H65. Marine bacteria transform, adsorb and accumulate heavy
metals in many food chains (De Souza et al., 2006). Ma et al.
(2009) studied the uptake of nickel by the metal resistant
strains Psychrobacter sp. SRA2 and SRA1, and found that
the inoculation of Ni mobilizing strains Psychrobacter sp.
SRA1 improvement the plant growth. Psychrobacter sp.
SRA1 signiﬁcantly increased the accumulation of Ni in the
root and shoot tissues of Brassica juncea compared with
non-inoculated controls. This ﬁnding indicates that Psy-
chrobacter SRA1 facilitated the release of Ni from the non-
soluble phases in the soil, thus enhancing the availability of
Ni to plants.
Effect of contact time on Pb2+ bioaccumulation
The exposure time between the metal solution and the bacte-
rial cells is an important factor affecting the bioaccumulation
of metal (Elsilk et al., 2014). Under this experimental condi-
tion, one hour appeared to be the best contact time, the accu-
mulation value reached to 89.81 mg Pb2+/g fresh cells of
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Figure 3 Inhibition zones of Psychrobacter stains against Can-
dida albicans ATCC 10231.
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Potential of marine Psychrobacter species 199Psychrobacter sp. H41A, by the increasing of the contact time
from 60 to 90 min, the bioaccumulation rate decreased dra-matically (Fig. 6). On the contrary Odokuma and Akponah
(2010) reported that the contact time between 4 and 12 h
rapidly promoted the bioaccumulation of heavy metal which
depended on the test organism and the metal ions. The effect
of contact time on uptake indicates that the respective test iso-
lates had an optimum residence time for each heavy metal and
once this time elapsed, uptake remained either constant or
diminished slightly. This agrees with metal uptake models,
where the process can be considered as an equilibrium that
involves adsorption and desorption due to saturation
(Panchanadikar, 1994).
Table 4 Applied Plackett–Burman experimental design for
seven cultural variables and their Pb2+ bioaccumulation
results.
Trials Independent variables Lead
bioaccumulation
(mg Pb2+/g fresh
cells)
Try Glu K2 YE Mg SW IS
1 1 1 1 1 1 1 1 47
2 1 1 1 1 1 1 1 83
3 1 1 1 1 1 1 1 41
4 1 1 1 1 1 1 1 53
5 1 1 1 1 1 1 1 73
6 1 1 1 1 1 1 1 67
7 1 1 1 1 1 1 1 96
8 1 1 1 1 1 1 1 89
9 0 0 0 0 0 0 0 92
Table 5 Statistical analysis of the Plackett–Burman experi-
mental design results.
Factors Main eﬀect t-value(s)*
Tryptone 8.75 1.485
Glucose 2.25 1.389
K2HPO4 25.25 1.738
Yeast extract 6.25 0.409
MgSO4 15.25 1.077
Seawater 20.25 1.66
Inoculum size 5.75 1.44
* Critical t-value (s).
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The results revealed that the highest levels of bioaccumulation
were detected at 600 ppm of lead ions (Fig. 7). Psychrobacter
sp. H41A showed a tendency to accumulate Pb2+ over the
range of tested concentrations. The highest accumulation value
(90.27 Pb2+/g fresh cells) was detected by Psychrobacter sp.
H41A at 600 ppm lead concentration. In a previous study by
Odokuma and Akponah (2010), the accumulation of metals
(Fe, Zn, Cd, Cu, Ni and Pb) by Pseudomonas isolated from
brackish aquatic system was gradual and the amount of metal
accumulated increased in direct proportion to initial metal
concentration up to an extent that ranged from 1 to 100 ppm
after which accumulation remained either constant or
declined.
Effect of different temperatures on Pb2+ bioaccumulation
The amount of Pb2+ accumulated gradually increased with the
increase of temperature. The optimum temperature for bioac-
cumulation process under experimental conditions was 30 C.
Psychrobacter sp. H41A achieved the highest accumulation
levels at temperature ranges 10–30 C. Psychrobacter sp.
H41A accumulated 91.47 mg Pb2+/g fresh cells at 30 C, while
Psychrobacter sp. H62 accumulated 88.13 mg Pb2+/g fresh
cells. Temperature plays a very important role in the bioaccu-
mulation of heavy metals. The change in temperature affects
many factors which are important in bioaccumulation process
such as: (i) the ionization of chemical on the cell wall; (ii) the
effect on cell wall conﬁguration; (iii) the stability of cell-
metal complex and (iv) the stability of the metal ions in the ini-
tial solution (Sag and Kutsal, 2000). So, the magnitude of heat
effect is one of the most important factors for removal of
heavy metals ions from wastewater (AjayKumar et al., 2009).
Optimization of nutritional factors affecting Pb2+ accumulation
by Psychrobacter sp. H41A
Bioaccumulation by living cells is based on the cell metabolic
activity, its structural properties, intrinsic biochemical, physio-
logical and/or genetic adaptation (Krishna et al., 2012). Thus,
nutritional factors as well as culture conditions affect the
charged groups on cell wall. This was evaluated by the Plack-
ett–Burman design. Application of factorial design is a com-
mon practice in bioprocess for the optimization of culture
conditions and media components (Mabrouk et al., 2012,0
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Figure 7 Effect of Pb2+ concentration on Pb2+ accumulation by
Psychrobacter sp. H41A and H62.
Figure 8 Main effects of lead accumulation by Psychrobacter sp.
H41A.2013). The use of statistical optimization strategy has been suc-
cessfully applied in the optimization of a medium (Abbasi
et al., 2013; Onwosi and Odibo, 2013).
The Plackett–Burman design (Plackett and Burman, 1946)
has been frequently used for screening of multiple factors at
a time and for ﬁnding out the key factors by estimating only
the main effects prior to optimization (Ooijkaas et al., 1998;
Abd-Elnaby et al., 2011). Plackett–Burman design cannot
determine the exact quantity, but can provide indication about
the necessity of each factor in relatively few experiments.
Therefore, this technique has been performed to estimate the
signiﬁcant effect of medium components on accumulation of
Pb2+ by Psychrobacter sp. H41A. The examined concentration
of medium components at high level (+1), low level (1) and
Figure 9 Interaction of seawater (SW) volume with K2HPO4 as an independent variable that affects the accumulation of Pb
2+ by
Psychrobacter sp. H41A based on the results of Plackett–Burman experimental design.
Table 6 Veriﬁcation experiment for Pb2+ bioaccumulation by
Psychrobacter sp. H41A on basal versus predicted optimum
medium.
Response Basal-medium
(mg Pb2+/g fresh
cells)
Optimized-medium
(mg Pb2+/g fresh cells)
Bioaccumulation
(shacked)
83.28 93.38
Bioaccumulation
(static)
62.37 78.73
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Figure 10 Decolorization percentage of dyes removal by Psy-
chrobacter strains.
Potential of marine Psychrobacter species 201basal control (0), are depicted in Table 1. The applied Plack-
ett–Burman experimental design for seven cultural variables
and their Pb2+ bioaccumulation results after 1hour of expo-
sure are shown in Table 4. The main effect of each component
on the Pb2+ bioaccumulation, and t-values was calculated for
each variable as illustrated in Table 5.
Main effect results showed that, K2HPO4, seawater vol-
ume, tryptone concentration, inoculum size and glucose had
a high main effect, which affected positively the increase of
Pb2+ bioaccumulation. Also, yeast extract and MgSO4
affected negatively the increase of lead bioaccumulation
(Fig. 8). Fig. 9 explains that the high volume of seawater with
the high concentration of K2HPO4 may highly increase lead
bioaccumulation.
Based on the present results, a medium of the following
composition (g/l) was predicted to be near optimum for lead
bioaccumulation: tryptone, 7; glucose, 1.5; K2HPO4, 0.3; yeast
extract 1.5 and MgSO4, 0.25; inoculum size, 1.5 ml and seawa-
ter volume must be 750 ml.
Verification test
A duplicate of experiments were carried out to verify the
results of optimization to validate the predicted optimized
medium. The Psychrobacter sp. H41A growth on the opti-
mized medium, recorded a higher lead bioaccumulation,
(93.38 mg Pb2+/g fresh cells), than that of the basal by 1.12-
fold increase at shaken condition, while, at the static condition,
the bioaccumulation increased up to 78.73 mg Pb2+/g fresh
cells, achieving a 1.26-fold increase (Table 6).
The present results conﬁrmed the validity of the optimized
medium. Abd-Elnaby et al. (2011) reported that, the growth of
Vibrio harveyi in the optimized culture conditions increased the
cadmium bioaccumulation of 1.52-fold under shacked
condition.Dyes decolorization Psychrobacter strains
The decolorization percentages of the tested dyes (fast orange,
methanil yellow and acid fast red) by Psychrobacter strains
ranged from 19% to 85%. Psychrobacter sp. H62 recorded
the highest decolorization percentages (85%) with fast orange
whereas, Psychrobacter sp. H65 was more effective in
decolorization of methanil yellow with decolorization percent-
age 65% (Fig. 10). Khalid et al. (2011) concluded that
202 H.M. Abd-Elnaby et al.Psychrobacter alimentarius strains KS23 isolated from seawa-
ter were able to decolorize reactive dyes including Reactive
Blue BRS, Reactive Golden Oviﬁx and Reactive Black very
efﬁciently in liquid medium containing different concentra-
tions of salt from 0 to100 g NaCl/l.
Conclusion
Few studies reported the presence of mesophilic (cod-adapted
bacteria) bacteria outside extremely cold habitats. This paper
presents Psychrobacter strains isolated from moderate temper-
atures marine ecosystem using culture-dependent techniques.
It provides important information about the physiological
capabilities and phylogenetic analysis of these strains. More-
over it provides the importance of Psychrobacter strains for
bioremediation of different contaminates.
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